INTRODUCTION
============

Disease-matched clinical exercise programs are very important strategies for treating patients with Parkinson disease (PD) ([@b2-jer-12-5-499]). Traditional rehabilitation interventions have focused on physical and occupational therapy to help maintain a higher functional status ([@b6-jer-12-5-499]). Only a few such studies have shown that exercise programs are effective for improving the impaired functions of PDs ([@b9-jer-12-5-499]). Tai chi is a traditional Chinese martial art that involves slow and graceful movements that can improve postural balance, flexibility, and mood ([@b5-jer-12-5-499]; [@b8-jer-12-5-499]). Recently, Tai chi has been found to exert a positive influence on the clinical treatment of the physical activity, fatigue, and the quality of life of patients with advanced cancer and neurodegenerative disease, as well as elderly people with chronic pain ([@b15-jer-12-5-499]; [@b20-jer-12-5-499]; [@b21-jer-12-5-499]). Exercise interventions for PDs should include physical and psychological intervention, because most PDs have limited function, general fatigue, depression, and a negative quality of life. The prevalence of depression among PDs ranges from 20% to 70% ([@b7-jer-12-5-499]). A study noted improvement of rigidity and motor function with the use of behavioral therapy for anxiety, and the subjects showed improved emotional states ([@b4-jer-12-5-499]).

The current study is focused on therapeutic Tai chi (TTC) for PDs, which combines deep breathing, meditation, and slow movement with postural stability. The purpose of this study is to investigate the effects of TTC training on improving the functional fitness status and activities of daily living (ADL) of PDs for their health-related quality of life.

MATERIALIS AND METHODS
======================

Participations
--------------

The participants of this study were clinically stable patients with diagnosed idiopathic PD recruited from the Parkinson's Disease Center in Asan Medical Center in Seoul, Korea. Eligible participants met the following inclusion criteria: (a) Hoehn-Yahr stage 1 or 2, and (b) stable drug regimen. Participants were randomized to either a 12-week intervention of TTC or a nonexercise control group. The TTC group visited the clinic 2 times a week and performed home-based activity 1 time per a week for 12 weeks. Characteristics of the participations is shown in [Table 1](#t1-jer-12-5-499){ref-type="table"}.

Experimental procedures
-----------------------

### Tai-chi exercise program

The Tai chi program is outlined in [Table 2](#t2-jer-12-5-499){ref-type="table"}. Each TTC session started with a 10-min stretching exercise warm up, followed by 30 min of Tai Chi exercises, and ending with 10 min of meditation and 10 min of stretching exercise cool-down. The TTC was performed within the intensity ranges of 11 to 15 (light to somewhat hard) on the Borg Ratings of Perceived Exertion Scale ([@b1-jer-12-5-499]). Study outcome measures were obtained at baseline (prerandomization; one week prior to the start of the program) and within one week following the end of the 12-week intervention.

### Functional fitness test and ADL evaluation

The outcome measures included several tests of physical fitness based on the method of [@b18-jer-12-5-499]. ADL was measured using Unified Parkinson's Disease Rating Scale-III (UPDRS). The evaluator was blinded to the participant's intervention group assignment. To assess upper body strength, the number of bicep curls that a patient could complete in 30 sec holding a hand weight of 2.26 kg for women and 3.62 kg for men was counted. Standing-up and sitting-down from a chair was used to assess lower body strength. The number of full stands that a participant could complete in 30 sec. For the timed up and go test, the participants were seated in an arm-chair with their backs against the chair. On an auditory signal, they stood up, walked 3 m as quickly and safely as possible, then turned around, walked back to the chair. The score was the time to completion. The functional reach test measures the ability to reach forward from a bilateral stance position. The arm closest to the wall is raised to shoulder height, and the position of the knuckle of the middle finger is measured. Standing on one foot with eyes opened is a measure of balance and functional mobility. The participants stood with hands on hips with eyes opened. The test score was the total time standing on one leg. The 6-min walk test was applied as a test of cardiorespiratory endurance for daily physical activities.

Statistical analyses
--------------------

Descriptive results were expressed as means and standard deviations. An analysis of variance for repeated-measures with one between factor (TTC vs. CON) and one within factor (time; pre- and postintervention) was used to evaluate the effects of the intervention. Significance levels were set *a priori* at *P*≤0.05. All analyses were conducted using IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA).

RESULTS
=======

Changing of functional fitness status
-------------------------------------

The changes of the functional fitness following the 12-week TTC in the PDs are shown in [Table 3](#t3-jer-12-5-499){ref-type="table"}. On such tests as arm curls (*P*\<0.01), functional reach (*P*\<0.05), and standing on one foot with eyes opened (*P*\<0.05), there were significant differences between the two groups in terms of the before and after effects of the interaction. The results of the functional reach test in the CON worsened significantly during the 12-week intervention (*P*\< 0.01). Other physical fitness, including standing-up and sitting-down, sit and reach, and 6-min walk showed no statistical significance despite that the training group showed a slight improvement following the training.

Changing of ADL
---------------

The changes of ADL using UPDRS following 12 weeks of TTC training in the PDs are shown in [Table 4](#t4-jer-12-5-499){ref-type="table"}. There was a significant interaction between the time and group on the TCC (*P*\<0.05).

DISCUSSION
==========

In the present study, we investigated the functional fitness and ADL of PDs after they underwent TTC exercise intervention. Physical fitness in our study was evaluated by arm-curl, stand-up and sit-down from a chair, timed up and go, functional reach, sit and reach, stand on foot with eyes opened, and 6-min walk. Arm-curl test results showed that the upper muscle strength was considerably increased after 12 weeks of exercise training. Generally, Tai chi exercise training has been shown to increase upper and lower body muscular strength and improved knee joint proprioception ([@b19-jer-12-5-499]). The results of the standing-up and sitting-down test of the lower muscle strength in the CON worsened during the 12-week intervention. TTC training has benefits for lower body strength and postural stability in PDs by acting on a number of knee joint proprioception sensorimotor systems that contribute to postural control ([@b20-jer-12-5-499]). The timed up and go test showed that the TTC was much faster than the CON, but there was no significant change after the training. It has been reported that PDs have shown increased muscular fatigue and decreased muscular strength, both of which could affect the muscular action required by the timed up and go test. It may be that our version of Tai chi does not improve lower extremity power substantially. The experiments presented here show that the functional forward reach ability in the control group worsened significantly during intervention in comparison with those of the TTC exercise. This result confirms the separate observations of previous investigators ([@b11-jer-12-5-499]; [@b14-jer-12-5-499]). [@b17-jer-12-5-499] compared the effects of upper body karate training with those of a United Parkinson's Foundation stretching program. They reported that the improvements in both groups were similar. Functional improvement occurred in gait, arm tremor, and coordination, but the function of complex arm-trunk movements was decreased. In the present study, whole body stretching was included in the training protocol. The balance ability was assessed by a single leg stance with eyes opened. The present study showed significantly improved balance ability in the TTC. Balance ability is related to the control of the center of gravity within the base of support. Many persons with PD reported impaired balance and falls ([@b12-jer-12-5-499]). [@b13-jer-12-5-499] found that the balance impairment in older adults with a longer duration PD does not usually respond to levodopa, a common treatment drug for PD; 38% of the persons with PD experience falls; 13% fall more than once per week; and some studies have reported that PDs fall repeatedly throughout the day. PDs are 5 times more likely than healthy older adults to suffer fall-related injuries, such as hip fractures. Balance capacity and muscle strength are strong risk factors for falling. The present study showed that the PDs who underwent TTC exercise improved their muscle strength and balance capacity, and this will have a positive effect of fall prevention. This improvement, which confirms the separate observations of previous studies, shows that TTC exercise results in better balance capacity, proprioception function, and muscle strength ([@b3-jer-12-5-499]).

The results of the 6-min walk test did not changed after 12 weeks of TTC exercise. Many of the PDs had poor cardiorespiratory fitness, as evidenced by a lower VO~2max~, but there were several subjects with a normal and even an above-normal fitness level. This study has encouraged increasing interest in cardiorespiratory and gait improvement.

ADL problems are common and debilitating symptoms in PDs. It may increase the burden of living with the disease and also negatively affect all occupational and social activities. The ADL is probably the most appropriate health-related quality of life measure and these dimensions have significant and high correlations with the UPDRS. The present study showed improvement of the TCC group. [@b10-jer-12-5-499] study showed that the ADL is more related than others with quality of life for PDs. [@b16-jer-12-5-499] also showed that Tai chi exercise produce statistically significant improvements in well-being, including significant reductions in mood disturbance, anxiety, stress, tension, depression, anger, fatigue, confusion, and state anxiety.

In conclusion, this study showed that TTC training had good effects on the functional fitness and ADL of PDs. The results suggest that further study of the effects of TTC intervention must be developed in the future.
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###### 

Characteristics of the study participants

  Variable                    Therapeutic Tai chi (n=11)   Control (n=9)   *P*-value
  --------------------------- ---------------------------- --------------- -----------
  Age (yr)                    60.81±7.6                    65.54±6.8       NS
  Body mass index (kg/m^2^)   24.93±3.7                    25.41±3.0       NS
  Years since diagnosis       5.2±2.7                      5.2±2.7         NS
  Hoehn-Yahr stage            1.6±0.6                      1.8±0.3         NS

Values are presented as mean±standard deviation.

NS, not significant.

###### 

Therapeutic Tai chi exercise program

  --------------------------------------------------------------------------
  Week   Therapeutic Tai chi exercise
  ------ -------------------------------------------------------------------
  1      Orientation, Basic stretching

  2      Abdominal breathing, Neck & shoulder movement exercise

  3      Abdominal breathing, Trunk, hip, knee and ankle movement exercise

  4      Abdominal breathing, Summary of Tai chi warm-up, Relaxation

  5      Abdominal breathing\
         T1. Commencing movement\
         T2. Opening & closing hands\
         T3. Single whip

  6      Abdominal breathing\
         T4. Waving hands in the cloud\
         T5. Closing movement

  7      Abdominal breathing\
         Review and practice

  8      Abdominal breathing\
         T6. Brush knee\
         T7. Playing lute

  9      Abdominal breathing\
         T8. Perry and punch

  10     Abdominal breathing\
         T9. Block\
         T10. Opening & closing

  11     Review and practice

  12     Review and practice
  --------------------------------------------------------------------------

###### 

Functional fitness before and after 12-week therapeutic Tai chi exercise

  Variable                                          TTC            Control        *P*-value                                                                                    
  ------------------------------------------------- -------------- -------------- --------------- --------------- ---------------------------------------------------- ------- ----------------------------------------------------
  Arm-curl (rep/30 sec)                             16.00±4.24     18.09±2.42     17.33±4.71      14.33±3.80      0.614                                                0.425   0.010[\*](#tfn5-jer-12-5-499){ref-type="table-fn"}
                                                                                                                                                                               
  Stand-up and sit-down from a chair (rep/30 sec)   11.91±3.59     12.27±2.79     12.44±2.96      10.67±5.59      0.320                                                0.738   0.139
                                                                                                                                                                               
  Timed up and go (sec)                             7.39±0.89      7.03±0.90      8.06±2.91       9.32±4.16       0.294                                                0.173   0.066
                                                                                                                                                                               
  Functional reach (cm)                             29.95±5.8      28.18±6.28     31.22±7.87      25.50±6.43      0.003[\*](#tfn5-jer-12-5-499){ref-type="table-fn"}   0.800   0.091
                                                                                                                                                                               
  Stand on foot with eyes opened (sec)              3.34±3.01      5.91±4.22      3.77±2.43       2.66±1.89       0.378                                                0.229   0.035[\*](#tfn5-jer-12-5-499){ref-type="table-fn"}
                                                                                                                                                                               
  6-min walk (m)                                    442.57±71.65   472.05±58.63   369.92±139.71   368.56±152.55   0.284                                                0.079   0.241

Values are presented as mean±standard deviation.

TTC, therapeutic Tai chi.

*P*\<0.05.

Pre vs. Post.

TTC vs. control.

###### 

Changes on the ADL after 12 weeks of Tai chi exercise

  Variable   TTC         Control     *P*-value                               
  ---------- ----------- ----------- ----------- ----------- ------- ------- -----------------------------------------------------
  ADL        7.91±1.81   5.82±3.37   7.89±3.62   8.22±3.70   0.119   0.378   0.037[\*](#tfn10-jer-12-5-499){ref-type="table-fn"}

Values are presented as mean±standard deviation.

ADL, activities of daily living; TTC, therapeutic Tai chi.

*P*\<0.05.

Pre vs. Post.

TTC vs. control.
